We report here on the outburst onset and evolution of the new Soft Gamma Repeater SGR 0501+4516. We monitored the new SGR with XMM-Newton starting on 2008 August 23, one day after the source became burst-active, and continuing with 4 more observations in the following month, with the last one on 2008 September 30. Combining the data with the Swift-XRT and Suzaku data we modelled the outburst decay over a three months period, and we found that the source flux decreased exponentially with a timescale of t c = 23.8 days. In the first XMM-Newton observation a large number of short X-ray bursts were observed, the rate of which decayed drastically in the following observations. We found large changes in the spectral and timing behavior of the source during the first month of the outburst decay, with softening emission as the flux decayed, and the non-thermal soft X-ray spectral component fading faster than the thermal one. Almost simultaneously to our second and fourth XMM-Newton observations (on 2008 August 29 and September 2), we observed the source in the hard X-ray range with INTEGRAL , which clearly detected the source up to ∼100keV in the first pointing, while giving only upper limits during the second pointing, discovering a variable hard X-ray component fading in less than 10 days after the bursting activation. We performed a phase-coherent X-ray timing analysis over about 160 days starting with the burst activation and found evidence of a strong second derivative period component (P = -1.6(4)× 10 −19 s s −2 ). Thanks to the phase-connection, we were able to study the the phase-resolved spectral evolution of SGR 0501+4516 in great detail. We also report on the ROSAT quiescent source data, taken back in 1992 when the source exhibits a flux ∼80 times lower than that measured during the outburst, and a rather soft, thermal spectrum.
INTRODUCTION
Over the last few years, a number of observational discoveries have placed "magnetars" (ultra-magnetized isolated neutron stars) in the limelight again. These extreme objects comprise the Anomalous X-ray Pulsars (AXPs; 10 objects), and the Soft Gamma-ray Repeaters (SGRs; 4 objects), which are observationally very similar classes in many respects (for a recent review see Mereghetti et al. 2008) . They are all slow X-ray pulsars with spin periods clustered in a narrow range (P ∼ 2-12 s), relatively large period derivatives (Ṗ ∼ 10 −13 − 10 −10 s s −1 ), spin-down ages of 10 3 −10 4 yr, and magnetic fields, as inferred from the classical magnetic dipole spin-down formula, of 10 14 − 10 15 G, much higher than the electron quantum critical field (Bcr ≃ 4.4 × 10 13 G). About a dozen AXPs and SGRs are strong persistent X-ray emitters, with X-ray luminosities of about 10 34 − 10 36 erg s −1 , and a few transient ones have been discovered in recent years. A peculiarity of these neutron stars is that their X-ray energy output is much larger than their rotational energy losses, so they can not be only rotationally powered. Furthermore, they lack a companion, so they can not be accretion-powered either. Rather, the powering mechanism of AXPs and SGRs is believed to reside in the neutron star ultra-strong magnetic field (Duncan & Thompson 1992; Thompson & Duncan 1993) . Other scenarios, beside the "magnetar" model, were proposed to explain AXP and SGR emission, such as the fossil disk (Chatterjee, Hernquist & Narayan 2000; Perna, Hernquist, & Narayan 2000) and the quark-star model (Ouyed, Leahy, & Niebergal 2007a,b) .
In the 0.1-10 keV energy band, magnetars spectra are relatively soft and empirically modeled by an absorbed blackbody (kT ∼ 0.2-0.6 keV) plus a power-law (Γ ∼ 2-4). Thanks to INTEGRAL -ISGRI and RXTE-HEXTE, hard X-ray emission up to ∼200 keV has recently been detected from some sources (Kuiper et al. 2004 (Kuiper et al. , 2006 Mereghetti et al. 2005 ; Götz et al. 2006 ). This discovery has opened a new window on magnetars studies and has shown that their energy output may be dominated by hard, rather than soft emission.
At variance with other isolated neutron stars, AXPs and SGRs exhibit spectacular episodes of bursting and flaring activity, during which their luminosity may change up to 10 orders of magnitude on timescales down to few milliseconds. Different types of X-ray flux variability have been observed, ranging from slow and moderate flux changes up to a factor of a few on timescales of years (shown by virtually all members of the class), to more intense outbursts with flux variations up to ∼100 lasting for ∼1-3 years, and to short and intense X-ray burst activity on sub-second timescales (see Kaspi 2007 and Mereghetti 2008 for reviews of X-ray variability).
In particular, SGRs are characterized by periods of activity during which they emit numerous short bursts in the hard X-ray / soft gamma-ray energy range (t ∼ 0.1 − 0.2 s; L ∼ 10 38 − 10 41 erg/s). This is indeed the defining property that led to the discovery of this class of sources. In addition, they have been observed to emit intermediate flares, with typical durations of t ∼ 1 − 60 s and luminosities of L ∼ 10 41 − 10 43 erg/s, and spectacular Giant Flares. The latter are rare and unique events in the X-ray sky, by far the most energetic (∼ 10 44 − 10 47 erg/s) Galactic events currently known, second only to Supernova explosions. Indeed, the idea that SGRs host an ultra-magnetized neutron star was originally proposed to explain the very extreme properties of their bursts and flares: in this model the frequent short bursts are associated with small cracks in the neutron star crust, driven by magnetic diffusion, or, alternatively, with the sudden loss of magnetic equilibrium through the development of a tearing instability, while the giant flares would be linked to global rearrangements of the magnetic field in the neutron stars magnetosphere and interior (Thompson & Duncan 1995; Lyutikov 2003) .
Bursts and flares do not seem to repeat with any regular, predictable pattern. Giant flares have been so far observed only three times from the whole sample of SGRs (from SGR 0526-66 in 1979 , Mazets et al. 1979 ; from SGR 1806-20 in 1998, Hurley et al. 1999 Esposito et al. 2008) . This suggests that a relatively large number of members of this class has not been discovered yet, and may manifest themselves in the future. On 2008 August 22, a new SGR, namely SGR 0501+4516 , was discovered (the first in ten years), thanks to the Swift-BAT detection of a series of short X-ray bursts and intermediate flares (Holland et al. 2008; Barthelmy et al. 2008 ). X-ray pulsations were observed by RXTE at a period of 5.7s, confirming the magnetar nature of this source (Gögüş et al. 2008) , and its counterpart was identified in the infrared and optical bands (Tanvir et al. 2008; Rea et al. 2008b; Fatkhullin et al. 2008; Rol et al. 2008) . Prompt radio observations to search for the on-set of radio pulsation and of a persistent counterpart failed to reveal any emission in this band in the first days after the outburst activation (Hessels et al. 2008; Kulkarni & Frail 2008b; Gelfand et al. 2008) .
In this paper, we present a series of 5 XMM-Newton observations of SGR 0501+4516 ; the first one was performed only 1 day after the SGR activation, and the last one after 38 days. We also report on two INTEGRAL observations; the first was performed almost simultaneously with the second XMM-Newton observation, while the other one was performed soon after the fourth XMM-Newton pointing. We used the Swift-XRT monitoring to model the outburst decay and the spin period evolution of the source until ∼160 days after the onset of the bursting activity. We also report on the 1992 ROSAT observation of its quiescent counterpart. We present details of the observation and analysis in § 2, and results in § 3 and 4. Discussion follows in § 5.
OBSERVATIONS AND ANALYSIS

XMM-Newton
The XMM-Newton Observatory (Jansen et al. 2001) Data were processed using SAS version 7.1.0 with the most up to date calibration files (CCF) available at the time the reduction was performed (October 2008) . Standard data screening criteria were applied in the extraction of scientific products. Soft proton flares were not observed in any of the observations, resulting in the total on-source exposure times listed in Tab 1.
EPIC and RGS
For four of the observations the pn camera was set in Small Window mode in order to reduce pile-up, while for the 2008 September 30th observation it was in Large Window mode. The MOS1 camera was in Full Frame for the first observation, and in Small Window for all the other pointings. On the other hand, the MOS2 was in Timing mode, except for the last observation where it was set in Small Window mode. All other MOS CCDs were in Prime Full Window mode. Thick filters were used for all the instruments, and pile-up was present only in the first MOS1 observation, which we ignored in the rest of the analysis. No transients were present in any imaging camera, so we are confident that the MOS2 in non-imaging mode did not collect photons from anything else than our target.
We performed a 2-dimensional or 1-dimensional PSF fitting, for the data obtained with the EPIC cameras in imaging mode or timing mode, respectively. The extraction radius was chosen in such a way as to obtain more than 90% of the source counts. We then extracted the source photons, for the cameras set-up in imaging mode, from a circular region with 30 ′′ radius, centered at the source position (RA 05:01:06.607, Dec +45:16:33.47 at J2000, with a 1σ error of 1.
′′ 5 which refers to the absolute astrometric XMM-Newton accuracy (Kirsh et al. 2004)) 1 . The background was obtained from a similar region as far away as possible from the source location in the same CCD. For the MOS2 camera in timing mode we extracted the photons from RAWX 274-334, and a similar region was used for the background extraction, although as far as possible from the source position. Only photons with PATTERN 4 were used for the pn, with PATTERN 12 for the MOS2 when in imaging mode, and with PATTERN= 0 were used for MOS2 observations in timing mode. All the photon arrival times have been corrected to refer to the barycenter of the Solar System.
Thanks to the high timing and spectral resolution 2 of the pn and MOS cameras, and to the high spectroscopic accuracy of the RGS, we were able to perform timing and spectral analysis, as well as pulse phase spectroscopy. Both the MOSs and pn cameras gave consistent timing and spectral results, and we report only on the pn results (see Tab. 1 for the pn source count rates for all five observations), and the RGS is used only to constrain the presence of narrow lines (see § 4).
For the timing ( §3) and spectral analysis ( §4) we removed the bursts observed in the first two observations (August 23rd and 29th) discarting all the photons corresponding to intervals where the source count rate exceeded 35 counts s −1 (a detailed analysis of the bursts themselves will be reported elsewhere).
Optical Monitor
Twenty five OM images of the field were obtained simultaneously to the X-ray observations through the UVW1 lenticular filter. One further image was obtained through the U filter. The UVW1 has an effective transmission range of λ =2410-3565 A, peak efficiency at λ2675 A, full-width half-maximum image resolution of 2 ′′ and a Vega-spectrum zeropoint of m=17.20. The U has an effective transmission range of λ =3030-3890 A, peak efficiency at λ =3275 A, full-width half-maximum image resolution of 1.55
′′ and a Vega-spectrum zeropoint of m=18.26. Modulo-8 fixed photon pattern and scattered background light were removed from individual images before correcting optical distortion and converting images to J2000 celestial coordinates. The XMM-Newton star trackers provide absolute pointing accurate to 1. ′′ 8. To refine astrometry, a correction is performed to individual images by cross-correlating source positions in the OM with counterparts in the USNO-B1.0 catalogue (Monet 2003) . The UVW1 images were mosaicked to produce a 70 ks summed exposure. The U band image was accumulated over an exposure time of 4 ks. Aperture photometry was performed on the source position of SGR 0501+4516 using a standard 17.
′′ 5 radius circular aperture for the UVW1 image and 3 ′′ for the U image, consistent with the calibrated zeropoint.
No XMM-OM source is detected within this aperture to 3σ magnitude upper limits of mU > 22.1 and mUVW1 > 23.7 (see Fig. 2 ). We also searched for possible counterparts to the X-ray bursts in the XMM-OM exposures in the UVW1 filter during the first XMM-Newton observation. We did not find any signature for such bursts in the UVW1 filter with a 3σ upper limit on each 4 ks image of mUVW1 > 22.05 . • ) field of view, sensitive in the 15 keV-10 MeV energy range. We restricted our analysis to the ISGRI (Lebrun et al. 2003) data, taken by the IBIS low energy (15 keV-1 MeV) CdTe detector layer, since ISGRI the most sensitive instrument on board INTEGRAL at energies < 300 keV.
INTEGRAL
For the first observation an effective exposure of 204 ks was accumulated at the source position. During this observation, the source was still burst-active and indeed at least 4 weak bursts were detected in the ISGRI data (Hurley et al. 2008). In the 18-60 keV image the source is detected at a ∼4.2 σ confidence level, corresponding to a count rate of 0.31±0.08 counts s −1 , while in the 60-100 keV band the source was detected at a ∼3.5 sigma level (0.25±0.07 counts s −1 ). Above 100 keV the source is not detected and the 3σ upper limit is 0.2 counts s −1 (100-200 keV). The IS-GRI response matrices were rebinned to match the above two channels and the detected flux values were used in the broad band spectral analysis (see below §4).
We performed the same analysis on the Core Programme data. In this case the exposure time was 361 ks at the position of the source. No persistent or burst emission was detected in this second observation. We could infer a 3σ upper limit in the 18-60 keV energy band of 0.18 counts s −1 , implying a decrease of the hard X-ray flux in about 10 days of a factor of ∼2.
Swift-XRT
The Swift satellite (Gehrels et al. 2004 ) includes a wide-field instrument, the Burst Alert Telescope (BAT; Barthelmy et al. 2005) , and two narrow-field instruments, the X-Ray Telescope (XRT; Burrows et al. 2005 ) and the Ultraviolet/Optical Telescope (UVOT; Roming et al. 2005) , and discovered the bursting activity of SGR 0501+4516 thanks to the large field of view of the BAT camera (Holland et al. 2008; Barthelmy et al. 2008) . We briefly report here on the Swift-XRT monitoring of SGR 0501+4516 , and we refer to Palmer et al. and Gögüş et al. (2009, in preparation) for further details on the Swift observations. Starting a few hours after the burst activation, the Swift-XRT camera monitored SGR 0501+4516 , collecting a few tens of observations in the following 160 days. The XRT instrument was operated in photon counting (PC) mode for the first two observations, and in window timing (WT) mode for all the following observations, which ensures enough timing resolution (1.766 ms) to monitor the period changes of the source. In our analysis we ignored the first two observations in PC mode because the were highly affected by photon pile-up.
The data were processed with standard procedures using the ftools task xrtpipeline (version 0.12.0) and events with grades 0-2 were selected for the WT data. For the timing and spectral analysis, we extracted events in a region of 40×40 pixels. To estimate the background, we extracted the WT events within a similar box far from the target. The event files were used to study the timing properties of the pulsar after correcting the photon arrival times to the barycenter of the Solar System. For the spectral fitting (aimed at having a reliable flux measurement over the entire outburst) the data were grouped so as to have at least 20 counts per energy bin. The ancillary response files were generated with xrtmkarf, and they account for different extraction regions, vignetting and point-spread function corrections. We used the latest available spectral redistribution matrix (v011) in caldb. We removed the bursts from the XRT observations taking out all the photons corresponding to intervals where the source count rate exceeded 5 counts s −1 . The ROSAT event list and spectrum of 2RXP J050107.7+451637 included about 260 backgroundsubtracted photons accumulated from a circle of about 1.
′ 7 radius (corresponding to an encircled energy of ∼90%). The source count rate is estimated to be (6.6± 0.5) × 10 −2 counts s −1 after correction for the point-spread function and vignetting.
X-RAY TIMING ANALYSIS
We started the timing analysis by performing a power spectrum of the first XMM-Newton observation (after having cleaned the data for the bursts; see above), and we found a strong coherent signal at ∼5.76 s, followed by 8 significant harmonics. We then refined our period measurement studying the phase evolution within the observation by means of a phase-fitting technique (see Dall'Osso et al. 2003 for details) . The resulting best-fit period is P= 5.762070(3) s (1σ confidence level; epoch 54701.0 MJD). The accuracy of 3µs is enough to phase-connect coherently the first two XMMNewton pointings which are about 6 days apart. The procedure was repeated by adding, each time, a single XMMNewton pointing. The relative phases were such that the signal phase evolution could be followed unambiguously in the 5 XMM-Newton observations, and the preliminary phasecoherent solution for these observations had a best-fit period Abs. Flux 4.1 ± 0.1 3.4 ± 0.2 3.14 ± 0.23 2.8 ± 0.1 1.4 ± 0.1 Unab. Flux 9.6 ± 0.1 8.1 ± 0.2 7.5 ± 0.3 7.0 ± 0.3 4.17 ± 0.11 Table 2 . Parameters for the spectral modelling of the phase-averaged spectrum of SGR 0501+4516 with an absorbed blackbody plus a power-law (χ 2 ν (d.o.f.) = 1.14 (838)), for all five XMM-Newton observations. The N H value is (0.89 ± 0.01) × 10 22 cm −2 with solar abundances from Anders & Grevesse (1989) . The blackbody radius is calculated at infinity, and assuming a distance of 5 kpc (note that in the error calculation we did not consider the uncertainty in the distance). Unless otherwise specified, all fluxes are unabsorbed, in the 0.5-10 keV range, and in units of 10 −11 erg cm −2 s −1 . Errors are at the 90% confidence level.
of P= 5.7620692(2) s andṖ = 6.8(8) × 10 −12 s s −1 (MJD 54701.0 was used as reference epoch; χ 2 ∼ 4 for 3 degrees of freedom, hereafter d.o.f.).
To better sample the pulsations in the time intervals not covered by XMM-Newton data, and increase the accuracy of our timing solution, we also included the Suzaku-XIS observation (Enoto et al. 2009 ) and part of the Swift-XRT monitoring dataset. A quadratic term in the phase evolution is required starting about one month after the Swift-BAT onset, when the pulse phases increasingly deviate from the extrapolation of the above P−Ṗ solution (see Fig. 3 ), resulting in an unacceptable fit (χ 2 ∼ 110 for 16 d.o.f.). Therefore, we added a higher order component to the above solution to account for the possible presence of a temporary or secularP term. The resulting new phase-coherent solution had a best-fit for P = 5.7620695 (1) The negative sign ofP implies that the spin-down is decreasing on a characteristic timescale of about half a year. This might imply that a transient increase of the spin-down above the secular trend occurred in connection with the outburst onset, and that the source might now be recovering toward its secular spin-down. We note that timing components of similar strengths and with similar evolution timescales were detected in other AXPs and SGRs following the occurrence of glitches (Dall'Osso et al. 2003; Dib et al. 2008 ). This finding suggests that a similar event might have occurred connected to the burst and/or outburst behavior displayed by SGR 0501+4516 in August 2008. Correspondingly, assuming that the secular spin-down was an order of magnitude smaller than the one we measured during the outburst, our findings imply a magnetic field strength of the dipolar component in the range 7 × 10 13 < B d < 2 × 10 14 Gauss (assuming a neutron star moment of inertia of 10 45 g cm 2 ). The 0.3-11 keV SGR 0501+4516 pulse profiles are relatively complex, with several sub-peaks, though dominated by the sinusoidal fundamental component (see Fig. 4 and top panels of Fig. 9 ). The fundamental pulsed fraction calculated as (max −min)/(max +min) is fairly constant in time (although with some oscillations) changing from 41%±1% during the first XMM-Newton pointing, to 35%±1% (2 nd pointing), to 38%±1% (3 rd and 4 th pointings), and finally to 43%±1% (last pointing; see also Tab. 1). At the same time both the shape and the pulsed fraction change as a function of energy within each pointing (see Fig. 5 and Fig. 6 ).
The ROSAT photon arrival times were corrected to the barycenter of the Solar System and a search for coherent periodicities was performed in a narrow range of trial periods (6.1-5.5 s; we assumed a conservative value of |Ṗ |=6×10 −10 s s −1 ) centered around the 2008 August period. No significant peaks were found above the 3σ detection threshold. The corresponding upper limit to the pulsed fraction is about 50%.
SPECTRAL ANALYSIS
For the spectral analysis we used source and background photons extracted as described in §2. The response matrices were built using ad-hoc bad-pixel files built for each observation. We use the XSPEC package (version 11.3, and as a further check also the 12.1) for all fittings, and used the phabs absorption model with the Anders & Grevesse (1989) solar abundances and Balucinska-Church & McCammon (1998) photoelectric cross-sections. We restricted our spectral modeling to the EPIC-pn camera and used only the best calibrated energy range 3 , namely 0.5-10 keV. Energy (keV) Figure 7 . Phase-averaged spectra and νFν plot of the fitted models for the five XMM-Newton observations (again the black, red, dark grey, orange and light grey colors refer to the five observations ordered by increasing epoch) and the quiescent ROSAT counterpart (in blue).
Phase-averaged spectroscopy
We started the spectral analysis by fitting simultaneously the spectra of all the XMM-Newton observations with the standard blackbody (BB) plus power-law (PL) model, leaving all parameters free to vary except for the NH which was constrained to be the same in all observations. The values for the simultaneous modeling are reported in Tab. 2, with a final reduced χ 2 ν =1.14 for 838 d.o.f. (see also Fig. 7) . The values of the spectral parameters were not significantly different when modelling each observation separately. The measured hydrogen column density is NH = 0.89 × 10 22 cm −2 , and the absorbed flux in the 0.5-10 keV band varied from 4.1 to 1.4×10 −11 erg s −1 cm −2 , corresponding to a luminosity range of 1.2 to 0.42×10 35 d 2 5 erg s −1 (where d5 is the source distance in units of 5 kpc; see § 5.1 for further discussion on the source distance).
In the 0.5-10 keV band, the blackbody component accounts for ∼ 15 % of the total absorbed flux throughout the outburst. The blackbody radius, as derived from its normalization, is smaller than the neutron star size, being compatible with a constant of ∼ 1.4 km during the first month of the outburst decay (although hints for a decrease can be seen in the last observation). If the blackbody emission originates from the star surface this would imply that only a small fraction of the surface is emitting.
There is evidence that as the flux decreased, the 0.5-10 keV spectrum softened during the first month after the bursting activation (see Tab. 2 and Fig. 7) . Interestingly, the BB flux decreased much slower than the PL flux, remaining almost constant for the first 10 days, and significantly decreasing only in the last observation more than a month after the burst activation (see also § 5, Fig. 6 and Fig. 7 ).
Since the INTEGRAL observation of SGR 0501+4516 was almost simultaneous to our second XMM-Newton observation, we then extended our spectral modelling to the entire 0.5-100 keV spectrum of the 2008 August 29 observation. We found that the BB+PL model was no longer statistically acceptable (χ 2 ν =1.29 for 174 d.o.f.), and that the PL used to model the soft X-ray spectrum could not account for the emission above 10 keV (as it is usually the case for SGRs; Götz et al. 2006) . We then tried more complex models. In line with other magnetar spectra (Kuiper et al. 2006; Götz et al. 2006 ), we added a second PL to the data to account for the hard X-ray emission.The results are reported in Tab. 3 (see also Fig. 8 ), where we also report the F-test probability for the addition of a further component to the fit. We also note that an excess in the residuals at energies larger than 8 keV was present in the first XMM-Newton observation when fit with a BB+PL model (see Fig. 7 ), probably due to the presence of the same hard X-ray component detected by INTEGRAL , which might have been present from the beginning of the outburst. The subsequent INTEGRAL observation close to the fourth XMM-Newton observation almost a week later, did not show any hard X-ray emission. Assuming (although unlikely) that the hard X-ray spectral index did not change during the flux decay, we can translate our non-detection in a 3σ flux upper limit in the 18-60 keV band of < 9.7 × 10 −12 erg s −1 .
To take into account the presence of this hard X-ray component we also fit the first XMM-Newton observation with a BB plus two PLs, fixing the power-law index of the hard PL at the value inferred from the XMM-Newton plus INTEGRAL modelling of the second observation (namely Γ = 0.8; see the first and second columns of Tab. 3). The addition of this component was barely significant, less than in the 2008 August 29, although in the latter case the IN-TEGRAL data were crucial in the spectral modeling. We similarly tried to model the third XMM-Newton observation adding this PL component but in this case the addition of this further component was not significant. As in the case of the soft X-ray component, we found that the hard X-ray flux decreased significantly during the outburst decay, being undetectable by INTEGRAL only 10 days after the burst activation.
Simultaneously with the second INTEGRAL observation, an AGILE observation was reported in the energy range >100 MeV, starting on August 31st and ending on September 10th (Feroci et al. 2008) . During the AGILE observation the source was marginally burst-active. The AGILE-GRID gamma-ray experiment did not detected the source, with a reported 2σ upper limit of 13×10 −8 photon cm −2 s −1 . Assuming an average photon energy of 500 MeV, this value corresponds to ∼6×10 We then studied the pre-outburst quiescent spectrum of SGR 0501+4516 as observed by ROSAT. The quiescent spectrum was well fit by either a BB or PL singlecomponent model (see Fig. 7 ). The best-fit parameters are NH=6 −12 erg cm −2 s −1 for the BB and PL models, respectively. In analogy with the quiescent spectra of other magnetars, and given the slightly better reduced χ 2 we assume that the BB spectral modeling is more correct.
No spectral features were detected in the phaseaveraged XMM-Newton spectra, with 3σ upper limits to the equivalent width of 45 and 65 eV, for a Gaussian absorption line with σ line =5 eV (using the RGS spectra) and σ line =100 eV (using the pn spectra), respectively.
Phase-resolved spectroscopy
We performed a phase-resolved spectroscopy (PRS) for all the XMM-Newton observations. We generated 10 phaseresolved spectra for each observation using the ephemeris reported in § 3. The choice of the number of intervals was made a priori in order to have enough statistics in each phase-resolved spectrum to detect, at a 3σ confidence level, a spectral line with an equivalent width > 30 eV (although none was detected). Note that given the phase-connection Table 3 . Parameters of the spectral modelling of the phaseaveraged spectra of the first two XMM-Newton observations of SGR 0501+4516 with a blackbody plus two power-laws. For the second observation we used the quasi-simultaneous INTEGRAL data (see also Fig. 8 and §2.2) . N H is in units of 10 22 cm −2 , and the blackbody radius is calculated at infinity, assuming a distance of 5 kpc (uncertainties on the distance have not been included). The blackbody and power-law fluxes are calculated in the 0.5-100 keV band. Unless otherwise specified, fluxes are all unabsorbed and in units of 10 −11 erg cm −2 s −1 . Errors are at the 90% confidence level.
of all the 5 XMM-Newton observations (see §3), we can reliably follow each phase-resolved spectrum in time.
The absorbed BB plus PL model provides excellent fits for all ten phase-resolved spectra in all the observations, both when leaving NH free and when fixing it to the most accurate value derived in the phase-averaged fitting of all five XMM-Newton observations (see Tab. 2). In Fig. 9 we have plotted the parameters derived from the PRS analysis and compared them to the pulse profile in each observation. All the observations showed significant spectral variability with phase, as well as a general softening in time. In particular, the blackbody temperature and normalization follow the pulse profile shape rather well, and remaining on average rather constant throughout the outburst, with a slightly decrease in the last XMM-Newton observation. On the other hand, the power-law parameters vary in phase and follow a more complex behaviour, with a double-peaked change of the photon index (see also Fig. 6 , and §5 for further discussion).
DISCUSSION
In the last few years, thanks to the availability of wide field X-ray instruments, as Swift-BAT, several outbursts from known AXP and SGR have been observed, and monitored in great detail. The detection of an outburst from SGR 0501+4516 has a special significance since this is the first new SGR discovered over a decade. In this paper we presented a comprehensive study of the spectral and timing properties of the source in the X-rays during the entire . Phase-resolved spectroscopy: spectral parameters for each 0.1 phase-bin for all five observations (epoch increases from left to right). For each observation all phase-resolved spectra were fitted simultaneously with an absorbed blackbody plus a power-law, keeping the N H fixed at the most accurate phase-averaged value (N H = (0.89 ± 0.01) × 10 22 cm −2 ). Fluxes are absorbed, in the 0.5-10keV energy range and in units of 10 −11 erg s −1 cm −2 .Error bars are at the 90% confidence level.
evolution of the outburst, starting from ∼ 1 day after the activation and up to ∼ 160 days later. Our investigation is based on XMM-Newton, Swift-XRT, and INTEGRAL data and we also re-examined ROSAT archival data in which the quiescent emission of SGR 0501+4516 was detected.
The outburst evolution and timescale
Thanks to the XMM-Newton and Swift-XRT quasicontinuous monitoring (see §2.1 and §2.3), we could study in detail the flux decay of SGR 0501+4516 and give an estimate of its typical timescale. Fitting the flux evolution in the first 160 days after the onset of the bursting activity, we found that an exponential function of the form Flux(t) = K1 + K2 exp −(t/tc) provides a good representation of the data (χ 2 ν =1.2); the best values of the parameters are K1 = (0.66 ± 0.03) × 10 −11 erg s −1 cm −2 , K2 = (3.52±0.02)×10 −11 erg s −1 cm −2 , and tc = 23.81±0.05 days (see Fig. 3 ). A fit with a power-law was not found to be satisfactory (χ 2 ν =12). Comparing the outburst decay timescale of SGR 0501+4516 with other magnetars (see Fig. 11 ), there is a clear difference in timescales. In particular, the outburst decays of other magnetars are usually fitted by two components: an initial exponential or power-law component accounting for the very fast decrease in the first day or so (successfully observed only in a very few cases), followed by a much flatter power-law with an index of δ ∼ 0.2 − 0.5, where Flux(t) = (t − t0) δ (see Woods et al. 2004; Israel et al. 2007; Esposito et al. 2008) . A pure exponential flux decay with a timescale of about 24 days is unusual and has been never observed before. However, we caveat that the source did not reach the quiescent level yet, hence a second component (e.g. a power-law) in the flux decay can still appear at later times. Further monitoring observations will allow in the future a complete modeling of the outburst decay until the quiescent source level.
From Tab. 2 and Fig. 6 it is apparent that, at least in the first ten days of the outburst, the flux of the blackbody component decayed more slowly than that of the power-law one, both in the phase-average and the phase-resolved spectra. In particular, fitting the phase-average BB and PL fluxes of the first 4 XMM-Newton observations (see Tab. 2) with a linear function of the form Flux(t)=A1 + A2t we found a good fit for A1(P L) = 7.9(1) × 10 −11 erg s −1 cm −2 and A1(BB) = 2.2(1) × 10 −11 erg s −1 cm −2 , and with A2(P L) = −0.29(1) × 10 −11 erg s −2 cm −2 and A2(BB) = −0.018(3) × 10 −11 erg s −2 cm −2 . While the PL flux decreased by ∼ 25% from the first to the second observation (and kept decreasing at a reduced rate in observations three and four), the BB flux stayed approximately constant during the first four observations. Both fluxes then substantially decreased in observation five (see also §4.2 and next section for the evolution of the phase-resolved spectra). The relative decays of the thermal and non-thermal components observed here are reminiscent of those of CXO J167410.2-455216 after its intense burst of 2006 September 21 (Muno et al. 2007; Israel et al. 2007) . Even in that case, the PL component decayed more rapidly than the BB flux (Israel et al. 2007 ). The faster decay of the non-thermal emission from SGR 0501+4516 is also corroborated by the non-detection of the source in the second INTEGRAL pointing (see §4).
The transient character of the hard component we detected at the beginning of SGR 0501+4516 's outburst implies that, whatever the mechanism is, thermal bremsstrahlung in the surface layers heated by returning currents, synchrotron emission from pairs created higher up (∼ 100 km) in the magnetosphere (Thompson & Beloborodov 2005) , or resonant up-scattering of seed photons on a population of highly relativistic electrons (Baring & Harding 2007) , it has to be triggered by the source activity and quickly fade in a few days. All the previous scenarios are indeed compatible with the observed behaviour provided that a flow of highly relativistic particles is injected into the magnetosphere during the outburst. Note that this is the first time that a variable hard X-ray emission is detected for a magnetar during an outburst. Of course, our observations did not allow us to distinguish between a rapid spectral softening (as expected if the particles responsible for the emission becomes less and less energetic) and/or an overall fading of the hard component due to a decrease in its normalization (as expected if the spatial region occupied/heated by such particles shrinks or if their local density decreases).
Several investigations have suggested that the observed magnetar spectra form in the magnetosphere, where thermal photons emitted from the neutron star's surface undergo repeated resonant scatterings (Thompson, Lyutikov & Kulkani 2002; Lyutikov & Gavriil 2006; Fernandez & Thompson 2007; Rea et al. 2008; Nobili, Turolla & Zane 2008a) . In this scenario, the spectral shape of the nonthermal component in the ∼ 0.1-10 keV band (and possibly also that at INTEGRAL energies; see Baring & Harding 2007 Nobili, Turolla & Zane 2008b ) is governed by the amount of twist which is implanted in the magnetosphere as a consequence of large scale crustal motions (star-quakes). The twist must decay, due to resistive ohmnic dissipation, in order to support its own currents (Beloborodov & Thompson 2007; Beloborodov 2009 ) and this, in turn, implies that the high-energy component of the spectrum has to fade. If either the initial twist is global or, as it seems more likely, it affects only a bundle of (closed) field lines (e.g. near a magnetic pole), the magnetosphere evolves in such a way as to confine the current-carrying (∇ × B = 0) field lines closer to the magnetic axis (Beloborodov 2009 ). This necessarily quenches resonant up-scattering because the value of the cyclotron energy in most of the region occupied by the current-carrying field lines (which now extend to large radii) drops below ≈ 1 keV, the typical energy of thermal photons.
Thompson, Lyutikov & Kulkani (2002) and Beloborodov & Thompson (2007) pointed out that the surface of a magnetar with a twisted magnetosphere is heated by the returning currents. If the twist decays, the luminosity and the area of the heated surface decrease in time. However, while the thermal component is expected to survive over the timescale necessary to dissipate the twist energy, the non-thermal component is more short-lived, since resonant scattering is no longer possible when the currentcarrying bundle becomes too small. By comparing the theoretical expectations for a typical twist duration and luminosity, Beloborodov (2009) found an overall agreement with the observed properties of the transient AXP XTE J1810-197 , provided that the twist was localized. In the case of SGR 0501+4516 , the typical derived evolution time (∼ 1 month) requires both a twist confined to a small volume (angular extent sin 2 θ ∼ 0.1) and a modest twist angle (ψ ∼ 0.1). The distance of SGR 0501+4516 is not known yet, but it has recently been estimated to be ∼ 1.5 kpc at the lowest (Aptekar et al. 2009 ), which implies a minimum source peak luminosity L 2.5 × 10 34 erg s −1 . under this case the values of the magnetospheric parameters derived above from the timescale of the outburst evolution are too small to explain the observed luminosity in terms of dissipation of the twist energy alone (Ltwist ∼ 10 33 erg s −1 ), and the problem worsens if the source distance is larger (unless the emission has a beaming factor 0.1). One possibility is that part of the energy has been released impulsively in the crust because of the dissipation of the toroidal field following the star-quake, as suggested to explain the decay of SGR 1900+14 and SGR 1627-41 (Lyubarsky, Eichler & Thompson 2003; Kouveliotou et al. 2003) . However, this scenario predicts a power-law luminosity decline, L ∼ (t − t0) δ , which is not observed in SGR 0501+4516 . We note that the flux decay may follow different laws in the untwisting magnetosphere model of Beloborodov (2009) , and the observed different decay timescales of the thermal and non-thermal components fits in the latter scenario.
Spectral variability with phase
To study the pulse profiles and the spectral changes in phase and time as a whole, we produced what we define hereafter as Dynamic Spectral Profiles (DSPs), which are shown in Fig. 10 . Each column in Fig. 10 is for one of the 5 XMMNewton observations (epoch increases from left to right). Each panel shows a contour plot of the νFν flux as a function of phase and energy, and has been derived from the 10 phaseresolved spectra extracted as explained above. The second row refers to the total flux, as derived from the BB+PL model, while the third and the last rows show, respectively, the flux of the PL and BB components. The plots illustrate well how the source spectrum changes as phase and time, and show a clear evolution of the phase-dependent spectrum during the outburst. At energies above ∼5 keV the PL dominates the emission at all times. From the DSPs, and by comparing the DSPs with the pulse profiles (see Fig. 10 top panel and also Fig. 5) , it is also evident that most of the sub-peaks of the pulse profiles are related to the PL component (this is particularly evident in the third and fourth XMM-Newton observations). On the other hand, the main component of the profiles is dominated by the BB component, which is always in phase with the main peak. Moreover, by looking at Fig. 10 it is again evident how the PL component decreases in intensity on a faster timescale than the BB component in all phases. Actually the BB component is not only rather constant over the first four observations (covering the first 10 days after the bursting activation), but in some phases shows a re-brightening (see Fig. 6 , and the third panel in the last row of Fig. 10 ). This is likely due to some late heating of the surface, e.g. by returning currents.
The strong phase dependence of the non-thermal component may be explained by the fact that, in the twisted magnetosphere model, both the spatial distributions of the magnetospheric currents (which act as a "scattering medium") and the surface emission induced by the returning currents (which acts as source of seed photons for the resonant scattering) are substantially anisotropic. Even under the simple assumption where the magnetosphere is dipolar and globally twisted, the heated part of the surface and the magnetospheric charges cover two different ranges of magnetic colatitude. If the twist angle varies during the outburst evolution, both distributions would move away or toward the poles but at different rates. Of course, the situation is more complicated if the magnetospheric twist affects a limited bundle of field lines, as observations seem to indicate in SGR 1806 -20 (Woods et al. 2007 ) and in the transient AXP XTE J1810-197 (Perna & Gotthelf 2008; Bernardini et al. 2009 ). Recent spectral calculations have shown the resonant comptonization in locally twisted multipolar fields can give rise to a hard tail which is highly phase dependent (Pavan et al. 2009 ). The phase-resolved spectral evolution of SGR 0501+4516 is very complicated, but a possible explanation for the variations of the PL component in terms of a magnetic field which is locally sheared, and the shear evolves in time, seems promising.
SGR 0501+4516 : AXP or SGR?
For about 20 years after their discovery, SGRs and AXPs were thought to be two distinct manifestations of highly magnetic neutron stars: the first mainly discovered and characterized by their powerful bursting activity, and the second recognized as bright persistent soft X-ray emitters with spectra empirically modelled by a BB+PL, and with little or no bursting activity. Furthermore, the discovery of hard X-ray emission (up to about 200 keV; Kuiper et al. 2006; Götz et al. 2006 ) from a few members of both classes, added a further distinction, with AXPs having hard X-ray emission modelled by a second PL component (in addition to the BB+PL describing the soft X-ray emission) with Γ hard ∼ 0.8 − 1, while the SGR emission was the natural extrapolation at higher energies of the PL component modelling their soft X-ray emission (Γ hard ∼ 1.5 − 2.0). Over the past 6 years, the discovery of X-ray bursts from AXPs (Kaspi et al. 2003; Woods et al. 2004) , and of BB components in the persistent spectrum of SGRs (Mereghetti et al. 2005 (Mereghetti et al. , 2006a , initiated a revision of this distinction between these two classes.
In this context SGR 0501+4516 and 1E 1547.0-5408 can be considered the Rosetta stone for a final unification of SGRs, AXPs and the so called "transient AXPs (TAXPs)", into a single class of "magnetars candidates". In fact the properties of this new SGR, as well as the characteristics of the 2009 January 22 outburst of the AXP 1E 1547.0-5408 (Gelfand & Gaensler 2007; Halpern et al. 2008; Mereghetti et al. 2009; Israel et al. 2009 in prep) , argue for a revision of our definition of SGRs and AXPs. In particular, SGR 0501+4516 's 0.5-10 keV spectrum during outburst, is extremely soft (Γ ∼2.8-3.0) compared to other SGRs (Γ ∼1.5-2.0). Such a soft spectrum has been observed in the persistent emission of SGRs only during the "quiescent" (burst-quiet) phases of SGR 1627-41 and SGR 0526-66 (Kouvelioutou et al. 2003; Kulkarni et al. 2003; Mereghetti et al. 2006b ). Furthermore, the spectrum of the quiescent X-ray counterpart of SGR 0501+4516 (see §2.4 and §4) is far too soft for an SGR, while resemble the pre-outburst spectrum of the transient AXP XTE J1810-197 (Gotthelf et al. 2004 ). The name SGR 0501+4516 came from the strong bursting activity (see e.g. Enoto et al. 2009; Aptekar et al. 2009 ) which led to its discovery. However, bursts as bright and numerous as those observed from this source and other SGRs, have recently been observed from the AXP 1E 1547.0-5408 in January 2009 (Gronwall et al. 2009; Savchenko et al. 2009; von Kienlin & Connaughton 2009 ), which emitted bursts as powerful as a typical SGR intermediate flares (Mereghetti et al. 2009 ).
Another piece of evidence for the AXP-like behaviour of SGR 0501+4516 , and the SGR-like behaviour of 1E 1547.0-5408 is the photon index of the variable hard X-ray component. As shown in § 4 the photon index we measure from the INTEGRAL spectrum is Γ ∼ 0.8, which is close to the one reported for AXPs, while the variable hard X-ray emission during the January 2009 outburst of 1E 1547.0-5408 has a Figure 11 . Flux evolution of the recent outbursts of a few magnetars (all observed with imaging instruments) compared with SGR 0501+4516 . Fluxes are the observed ones in the 1-10keV energy range, and the reported times are calculated in days from the detection of the first burst in each source. In particular we show CXO J167410.2-455216 as red stars (Israel et al. 2007) , SGR 1627-41 as grey circles (Esposito et al. 2008) , SGR 1900+14 as orange empty circles (Israel et al. 2008 ), 1E 1547.0-5408 as green empty crosses (Israel et al. in prep) , and SGR 0501+4516 as black squares (this work). 
